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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for forming a silicon oxide 
film, a silicon nitride film, a silicon oxynitriding film and a high dielectric 
constant oxide film, which do not depend on a silicon plane direction, are 
uniform and high quality, and are excellent in electrical properties, on a 
silicon surface at about 500° or lower. 

SOLUTION: In a film formation method of a semiconductor device including 
a plurality of silicon-based transistors or capacitors, hydrogen exists in at 
least a part of the silicon surface previously. After the hydrogen is removed 
by exposing the silicon surface to plasma by a first inert gas, plasma by a 
second inert gas and a mixture gas of one or a plurality of kinds of gaseous 
molecules is produced. As a result, a silicon compound layer containing at 
least a part of elements constituting the gaseous molecules is formed in a 
surface of the silicon base. 
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-2 0(05*,. ltfH*-IlfBe<7)^«:^gro$?jt73 
a£l=«ky. *fcl*»^2 2lclBKLfc<fc-5(C. i/'Jzi 
>$I±lcf 1 ©*6^IS^^LT}f$jS*^f=^$SSvy 
a^lSS^f -5 r-^>vX*i. ^jssa->ya>*s± 
l=ff^$*tfcm2a)Sfe^a$#t?^rV/<v* i 

«±icflixfc#3it*:^=Eyga(Di!!ii^T*feoT. «r 
tEvy3>*ffi^»i ©5FStt**xi-<fc^,mi ©?7X 

T ICES LT«!lfB v 'J a >*®<D'>fc < i t-95lc^«># 
ffif *7K*^K5*f 5iSt. m2(D^Stt**xi-« 
S^lt Ui«&«S©m<*#^©;1£#Xlc<fc -5 m 2 03 
^■^Xv^^fiEL. WfBm2(D^7XV(DT'C. fllSv 

y a ^aaiciWBftft^sfliiaf «5csa>4>& < i t 

t jf^jiEf -5 is i $ *tr c i ^ wet i f £ ¥3?f*ga© 
Sit^j£l=<fcy. *fcl*i»*3S2 3l>IBt£Lfc<fe5lc, 
gJfB^Svy a>«®^m3<D^fgtt**Xlc 
«fc &m 3 <7) ^7 X7 ICIIS L T ffifB v ') 3 >&W<D'J>U < 
it-ailc^toSffif <57kif§£&£f 114(73 
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«rf5m2 0f6i^l««!:Lrjf5iiE-r-5XS < !:^^Ct 
2 2fB«(D*aii*Sa0Sjt*aic 
cty, £fc(4iftjfcJg2 4(rfBKLfc«i:5lc. fiSBM 1 fc 
«fei;m3(7)T5gtt^l*. Ar, K r fc^tfX e «fc y ft 
SSI <fe y Slf *v-S'>ft < 4 t, 1 moii X J: U ft « C £ * 
4$ek4-r-5S!^ 2 3 fB«<B¥il<*geroS»if 
y. £fcl4iSt*JS2 5|cfHeLfc<fcdlc. S?rSH*2j3J: 

t;m 4 k r «t y ft y . gniBSi i * i;* 
2 0>*&$SBgi4vy 3 ^Mitm* y ft* ^^air-r-s 
»*js 2 3 2 4 tseroitiseftigarofflii^aic.fc 

y . ^fcliiS*^ 2 6 icfE© Lfc<fc 5 l=. MBSs 2 is J; 

u:m4<7)^sti#xi*A r */=i*k r «fc y ft y . mcff 

1 cti;^2a)$6«ii«i^biig*fci±is^tiK<fc yftsc 
<t^!f#et4-rsi»^2 3*^i*2 4iB«©i<i39t*sa 

<DKftAttf=J:LJ. frfcl4»3£JS2 7lcfeKLfc«fc5 
y ©jesti* C 4 £ ¥f&k ? «tt*« 2 2 ~ 2 6 (7) 5 

*>. t^-ri^*^-^l^eroi^iw^*sgrosgit^J^lc«J:y % 

^fclii»^2 8lcffiKLf=J:5U. £«±^0)£i£& 

v u n ^m-^tzitr^^y r x v y a >jf £ y ft a v y 
m 2 ro^att^x t -asft t> uittft&aaftttta?- 

BSillcMtBSit*:^^1iJ5lc-r*7r^(7)'>ft< kt-& 

£#tr> y =1 isitsyam&m&L-rzjLmt £#t;c 4 £ 

^S![<!:-r-5#ag(*^groSllit*^lcJ: y, £fcl4iS*JJI 

2 9lc|B«Lfc<fc7(c. SiJfBtg 1 0>*?ftt #XI4. A 

r . K r fccfctfX e «fc yft-SPJ: y SlS*t*'>ft < i: * 
1ffiO^X e fcyft-SCi:^^t-r'SiS*ll2 8fBK<75 

**(*gao>si£*sfei=«fc y , *t=i*i»*^3 oicib« 
tBm*> y .3 >ft**ni4«> y 3 y ft %> z t £ 

ft$tt1-Zffi*m2 8£fcl42 9fBK<7>^«<*^acDSIi 

BAftfcty. £fci4i**iS3 1 iztiWiLtzJzoiz^ m 

IBSB2ro^FS1±**XI4A r£fcl4K r <fc y ft U , BtJlB*> 
'J 3 ><lb£!|$!ilII4S<blS£fcl4i$M<bl!g«fc y ft -5 z t £ 
&&k?h®tm2 8£fcl42 9fBK<D^S«:^aO)SI{ 
**ft(=J:y. *fcl4IS*il3 2lcSBSiLfc<fc5lc. flij 
IBSM fc^l/Sf^OC^X^m. T-f^PiRlCfcySiE 
**t*Ct*««tf*»3R*2 8-3 1 ©5*.. U-T 
^-3SIB«<7)i(ia9tt:SaroS!iJt^aic,fcy. 
•5. 

ffll^fcjfcjf £fr IV v y a v y 3 



*frci!ga8-f i.w <t ic* y -> y 3 >*®a> gasinb£ up 

WLfcJg^lC. A r . K r ft f <D*f£&Xxnm$S.<PlZ 
fc^T->y a >Si*^»St--&ilSlcfclt4fillfB*®$l 
3ffi7Km<7)fit^lc# o T v 'J 3 >S® lc¥ffitt<DSfe'lb*<± 
C-SCi^BfiBLfc. *^**>y 3 >£B5<D¥tH40)SfJ 
<bli. -5-*i(c^<fSiii-(bXfi$^r^-etSy. v'j3 
y 3 >^bKS®i= JbMts^sito^b^i c* 
t<0t #*. ?>+i-5 o & v y 3 y n >K-lbPS 
®l=*5lt-5^fitt<0^bli. 'J— ^a3S(01i^lD^f>L#t^ 
ISEW^lS-ttCSi©- olcftori^=i:5tx.f>tt 
4. 

[0 0 17] 4C5T?S63tEOV-<'j7ajfi®e^'7X-7(C 
£«->>J 3 >®^bRJKliEXSTI*. ^^bXSOig^i: 

«ufflaxaic*5tNT#7«yii^*^toi*^ 
^«l*!ILrA^^,^5XvK^b^^!lS$^ToTL^s. la^l 

v y 3 >&m$i&®Lxi^*mittiim-e-f&wizft-D 
tz&&TiffltiLmmt>tiTi<>tzzk&ig:m-?&. -rft 

xf§T-f*. ->y3>mbP*i=^Sic***t»®u. c 
+i*<y— ^assroigtti-^/tN-y h^-vyTRttrois^bcDii 

H^CftoTL^fci:t^5«lm^^#fc. 
[OO 1 8] *f|B^|cd:4$£!ltiai^J5Jct?ia)*®^7K* 

WSBvy 3>«®^0)m2(D^' : 7X-7|cJ:*K'lbllS 

•^S'ibWfcSL%i*®M'ibiBfti:a5vy 3 >its®mtm 
xaicftt^-c. Hiro^x-7(c < fcyflist--sc4ic 
^y. a®©2pstt^^b$#sc4ft<, 4 00° c 

^^^^fflufcT-r^Dse^x^ga (W098/3 
336 z^jam&m i**®«i^fcy^i-T-Bfiaw(c 

ffi ^, *<ft LM5tt^S£0>ffie&£ft XT $ 

Z t¥ 5 c t A<-e # -5. . 
tooi 9] i>y 3 >*s<Dii^(i=FStt7a*x<Dsa*< 

aLMS4*'J>ft<fty. 'N'JOA (He) . (N 
e) , T;U3*> (Ar) , V *) 7 h > (Kr) . ^-fey 
> (Xe) ©HilCigE^S,, -W^ISA r ^fflLfz^V 

x-7(D^, sniB-7-f ^pjEjaE^^xvga^fiiffl-r 

Hl4-f ^->^Stx^ju^lt. vr^DK/^-A^l . 

2W/cm2t. E*3&<lS^1 3. 3Pa (lOOmTo 
r r) JiLJbOT*^. $t|7 e VlilTlC-TSC 4*^^-5, 
[0 0 2 0] -f^->ggStx^.;u^*<7 e VlilTt?fetL 
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r X e ^iSW-T 4 d t L 

[0 0 2 1 ] MS^S^TK^^^-r-SfctoO^SIt 

£LU„ 0l7lli\ ^Xv*-eir?-tti£iSt£*:S(::f§£ 
£i*vy 3>«®a>i&<b£fr7i§£Ul;J: % «®*§3fc>kiit 

£A r ^X7Sfcl*K r Z? 1 ? Zmi^Tft? (Dim 

[0022] **Bi»=j;*itf. ft sfcroa&lt'fb V-f 
0;I^X7 X*§T? fi£Bi L fc -> a >ittelS<fc Uiii 

RG>BIJS£«fcy3*< LfeXttflMMi h 5 > $?**ftWD 

5 5 0°CWT(7)«ST'-C#-5.CDT-, ffitfXOSf ><? 

*«£ls]«£-t±&C,!:j!>t-ei*6„ c*tli. KfcKfeSl* 
l*&S"fbffi©ff$J5£(c S3 t m C V & *. 
[00 2 3] Sfc, **MI=«fc*il*. ffi*ifcf#14* <g£ 

iff?) 5 0 0° CJaTOfiSt?. fc«E>#-g>S7Ji£0>vy 
[0 0 2 4] £fc, *»WI=**ll<» ->VQ-H/>f 

v 'J a >Bfl:B, v y 3 >BS4t:K« $jtm?z> z. t *< 

[0 0 2 5] **WI=c*:«IMtlKI±. 77 7yi^'J 

tta*>y 3>nmiuiRi=^xi6$n«. 
[0026] *&i=**wi=j:*itf. tmm±\zmmz 

y Ml* £«S v y 3 t, s * AK4C •> ') 

a >iMbB-v»*> y 3 >mnm. > y 3 >»s-fbis$y- 

*«»*>y a > h7>$?X*«*9W*C 



Sot, aa**ge**t;«Ar>Ef**sa*<siST? 
;*tE£ Bunts?- £ ns-r -s c <t 1 -e * -5 . 

[0 0 2 7] 

[0028] 011*. *fWQ&bin.&5i}Tim> 
[00 2 9] *HJfi^slicj3Lx-ri*. >>y 3>gffia>5fc 

[0 0 3 0] (ARS) 1 O 1 A$Xffi 

|=U *l= — ^U— h 1 0 2^f,»S)i:Ar**X 

1 O 1 fl(DI±2)£ 133Pa (ITorr) fMglC 

[0031] ;^ic->ya>*ffii 0 3£. mm&tttZft 
osm#i 0 4cst > ima>aft£4oo%fifti::K 

fliltEv'J 3 1 O30)SgA<2OO-55 

w«>^a>&«:«. iifevy3>s«i 031*. m.m<om 

[0 0 3 2] XCHNVXtl 0 5*^8^ v7^70 
^.O »y K7>f 1 1 O 6 |Cj^SEjS^2. 45GHz©7 

>XQ hT^ft 1 0 6^&A1S 1 o 1 — 
Si3l^lte>*ifcRtttt:tR1 0 7^ilLT. fliJiEffiiam 1 
O 1 3|A$4xfcv-('-j7D-S(iMI5i> J rr7 
— M 0 2*NP>gII5«iSSl O iWfc^A^^fc 

k r *^taiBL. -eaj^sfnei/A-r?— ^Lx- h 1 o 

2rottTlcSSBS©K r ^X-7*<^JS$+L^ 0 

-57 O&rojg 9 0 OMH z 1 OG 

^<^:|5l«(7)t,rot^f€. Q 
[0 0 3 3] 01 a)«J5E^CfcL^T->•V r 7— ^U— h 1 O 
2±:S1fi1 0 3(DIBlPil*. *HtS^ffiTI*6 cmlCiag 

^7X7$iELttJ:l^ 

[0 0 3 4] SUSBv 'J 3 1 03$K r #*-Ciba 

^7 xvicn-r cticfcy, gfitB -> y 3 >s« i 
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0 3<0&Wlt&3i*->l>#<DK r-f^->fiBSt$Slt. *(D 

[0 0 3 5] 02li«rfHvU3>SSl 0 3SSI=fcl+ 
S*>y 3 ^-*^IS££*fl.«-3teS§l=«fc U»«f LfcJSS 
-efcU. flfBffia^l 0 1 ^Ic^-f 1 3 3P a 

(1Torr) (BEAT. 1. 2W/cm2ffl/^-t 

^A-r-Bcb-eajgLfcK r ^xvicts. ->y3> 

[0 0 3 6] E2£#f!B-r-5IC. f3>«&C7>K r 

^5XTJllt-C->'j3>-7km$S^lc4#fSfl<j/ c i:iEja2 1 

0 o c m-M*iS(0&iKiix*<(5c^ct*>8S. u $Q3 o«>cd 

3 08>(0K r ^X-^RBStlCfey. *> 'J 3 >*®£i*S4g 
LT^fc*f&A<»£T#SC:£A<:h>frS„ ^HJSffi^T- 

lis itfraroKr^xvfiBat^jfiL-c. *®$iag7Km 
£SS£c:i&2.-rSo 

[OO 3 7] HiF!5v-V7— ^"U— r- 1 O 2frt>9 

7/3<75^I±il:cT)K r/02?1^^^«A-t-S„ ClcT) 
RSK *LUI°£l*l©I±*)l* 133Pa (ITorr) UglC 
*tJ#LTfc<o K r #X £ 02#*#S'o £ ftfc&ffsflS 

So 

[0 0 3 8] *H?Jfi0!lTI*. crojl^-tt^mo+icfe y 
ffif2v'J3>Stei 0 3<DS®£®<ib-rs. ft*ro->y 

a^SSroSSK-lbaS-Cli. 02»^-V>H20»T-(=«feyK 
■lb*<ff^4Xs 8 0 0° Cia±t7)*Ic*T&lMfflSSJ£A<ifc 

I*. 400' cSS<D»«ic«^Sffi-eK<b^ortgi7fe 
So K r*i:02c7)ffi^#$^tfe<-rS(cli. fflSHJE 

7jiotffit^A<a*LL^<, ifc*yis<-rs<t. sg^Lfc 

[0 0 3 9] B3IC, ffllg!irt<DK r /02CDtE2>J££ 
9 7/3IC«^LOO. WirSBffliaSl O 1 rt(75**X)±* 

«E*<tfl)Bi«^^-ro fcfc* LEI 3 *>'J3>S« 

1 0 3CD;BJ££4 0 0° CICIS^L. 1 O^FIfflHtffl 

a^ffoT^-So 

[0040] nH3^#fi8f Sic. 8fii5«asiti o i rtro 

133Pa (ITorr) <DBf (rStB^biltlf 
lotilK y, COI±^!ot^LI*-€-CDia«fl)l±A^A<S 

sffii 0 3o®^<4A< (ioo) rnvtozm-si-m.^ 

[O O 4 1 ] RfraroPSJlrovy 3 >Bg<b|gjb<?&J«<**ifc 
£ C St? ^ D-£/*r7-©aJIA£it#>^7X vSifi^ 
$17 U ££KK r/0 2 5^£:tfX£A r tfXlcS&L 

T§Hbxg^$l^T-rSo *xnroBij^ir a r #x£fc 
ffl-rsroiiK r otym^J/^-v^cfiEiti 



-rs. 

[0042] Jil±<D^bBS^fiE(ziKL^r. afiUgjax 
tsir^xg. *^->>^«isx?is?^jSLr h 

Ji££ So 

[0 0 4 3] ±tZ<D^mvmtfL£tltzi' , J=l^mbi&<P 
<B*5t^WS£#SjfcttMCJ: y»l£Lfc±:CS. 3nm 
<DMJS<7)V'J 3>ltlb&|::fcU-C®g&£&gT 1 012/ 
c m2MJSJilT-Cifco/=„ !f#»c «J -^B35A<'>^t^6t'fb 

Ki=fii^ri**>y 3 >itibigrt<07K5i^r«iot. 

«St?1 0lVcm2SSfelTr-fcSZi:A<«tSl?F^ 
fc. K-lbffi^fiEffilcK r ^X7C)gg£m3fc 

A>ofc^bKI*S8BS^-t? 1 0l2/cm2£jS*.S* 

[0044] ±ti(D^imr^misHtz^'J^>M 

itm & mm l fc&a> y a t mtmmat mo> -> y 

y 3 >s® ^sth-s z t i±fci^ 

[0045] 041*. ±fea?«-t?°fsjgt$*ifei'y 3> 

itlbia^OK rffieroggck^fij^^. ±&St£3fcX|!| 
^Jt^a^ffl^riS^fctoDr-fcS. fcfc'LEUoJSm 
I*v'j3>ro (100) Mlz-z>l\TO)i,<DT'&Z>t><* 
(IOO) Slc|Sf>-r<tec7)*<4-ritl^fllc7)^mA^P,tl 

So 

[0O4 6] ®4 0>mmVlt. K r 4"t7)»i$|{D#J±£3 
£fc«*31Srt<Di±2)£ 133Pa (ITorr) 
ICIS^L, ^^X^^bffliS$*«Sf£4 0 0° C1?fT 
oTl^So 

[0 0 4 7] El4$#S§-rSIC. ->'J 3>K<bffi*<0K 

r ffiffiiiT*©v y 3 >as*NC>is^sic-3+iriiA 

V'J 3>K-lbK*®-CI*2 x 1 o11/cm2^S© 
SSlcafSo COCirA^f,. ±fH<D^IH-v?#f>+LS'> 
y3>K-fbffil*. TifeCD->y 3>S®Axf,©Bi®l*<4 n 
mJa±<7>1S#|rfc^-r;l8l+<DK rfflSA<-°tT% -^v 
'J 3>*®*Nf,©ffi@IA<4 nmlUT0)^JiSICfcl , »Tf*v 

y 3 v y 3 >K-ibig<7)^-® (cibi an o r t r i^s 

BST-ifcSCi:A<*5^So 
[0 0 4 8] 0 51*. ±12<0#Bl-efiP>*tfci>y3>Bt 

itm^ii^x. y-'?m3iEroEn*Dm^fic#'tt$*-ro f= 

f£L05fl)^*li. V'J 3>^b°IO)BSJlA<4. 4nm 

izol^t. m-mm.<»mtwk<r> 1 )— ^mM^^^x 

l*S. 

[0 0 4 9] 05$#fiBfSIC. Kr^Xv-MOig 

$^**n o fcn^o y 3 ^mtmo y — ? assets 

li. %*<0*»il'lbl»<7)'J-^a3it4t1t«!:fig^T?itey. K 
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r / 02 V -f <7 O ;JK^7 X^7 |c <fc ^^bfiiS £fro r 
fig It IC «fc y tt«7KiflK£ £ tt L T 7* t> K r S O 2 #X $ 

y j£ * tif= y 3 >i$-ibBS * y t m-mmz *> h- & y 

-*TOA<2~3«rt,M'>U IMtfcAftfcfiy— 

i±&7HLxi^^htfibfrZo i^iflioy-^ass^ttcD 

££>fCj!|l\1 . 7 nmig££T?0)ffiJSa)vy 3 

[0050] 06i*. *mmmm{z&.z,i,i) z>>mitm 

<7)BSg£*B§LTK r/02^5Xvl=J:*iWb«fTO 

© -> y 3 >mtmo> y — * asttttt £ . £ s> i~ • 

I*. HiTfBK r ^Xv^iS©^. HfiSfiK 

5 Xv ic J: £iHb £fr o fc*ggaS0i] Jf3©lc «fc -5 v y 3 > 

t-*i*. «-el$iB^-r^Kg-(bi«ic^t>T<7>y-^m3it 
[005 1] g|6 £#Brr-5i-» Ot?^-Ts K r ^x 

v y n >mbig<D y m3it4#tti*. At*t flMfcibK 
»y-$m3S#it«b-Bt-r-g>0>icstu •t^-t. *h 

IKKflft 1= J: -5 v y 3 >|glbl«CD ij — > «art*tttt % o-e 
y — * mettle** LT 2 - 3 mtEL'P Lt l^S© 

a<=bfr-5>o **JS^ffiic<fe^vya>^bK-e 

14. flSK^I. 5 nm^fcoTt, J?£A<2 nm(Df& 

K^b«g©y— >S3itlcE®-r-5. 1 * i o-2A/cm2 
0) y - r7 «3K £2151 -c? £ 5 c <t £tfc*i« „ 
[0 0 5 2] titz. *HtfiPSII-J:yiif>tlfc->y 3> 
K-ibKlcotNT. v y 3 >/v'J 3 >^bBS^.®4K4S 

[0 0 5 3] Z<Dte. jftSlftt. ^'yh+A-'JTitt, 
X h UXTO£3?iLfc£ #<D*>'J 3 >K<bKA<fia^lcS 
■5£t?<DH?§jfiQBD ( C h a rge— to — Brea 

k d o w n ) <tifa)«fta«i«tt, ii!Htttttttti=HL 

"C» *:^]5fi^ffiJzJ;yjf$fiELfcK'lbffil4. tfcJfcOTS&IHb 
l» t m %f U l * L I* JM-tro Aft fcfttt $ . 

[0 0 5 4] JiiSLfc^dlC *B*$3S*i!l£^LT 
frf>K r/02S^S^7Xvlc<ty v'J n^iUbXS 
£fr-5 CctT?, 4 0 0° C<tL^51£/*SICfcLNTt, fc*> 
f*^®*<4(Dvy 3 >l=atife*>V 3 >5t^blB£Jf5fiK-r 
SC:i:)!i<T#-S„ ZoLtz®mt><&t>*l&<Dit s *|3g7K 
*Me£l= cfc y SHblBi*0>7K*^f S*<'J>fc < ft y , * 



itmnoTimnm^m&tf'PU < u y . £fc k r 

*tt-5 Cilery. flg+^S i /s i O2#®T?0)X h 

•>y a i/it'ibiaoam^iiA^itgirsts^^TLx^fc 

[0 0 5 5] a®s&S^micfcLxr7K^jeS£i 
Ol2/ cm 2yT. M*L<I*1 0H/cm2aglJlTIC 
■T-6C<!:t. 5 x 1 Ol1/cm2felTieff(DK r ^-^t; 

c i: 1 -> y 3 >IHb|gi0>a&6<J*#14. €i»tt6<)4*1t 
<7>5St#l=l?-5- bt L^^> &<D tmfL ?,*t^ 0 
[0 0 5 6] ^B^W^bK^^-r-SfcftlCtt, El 
©Saofteic. 3f^X-7$^l,%fc«S©^bl»^RE£BI 

^i-r^.Sl^fl)^x^^a^2Xffl^a^^fflL-ctA^^ 
*3<ci^. tztfL\t. v-f^a-Kicety ^xv^ae-r 
^fctoicK r?j*x£ifeai-r-5igiro73*xistii«itt. 

m2 0)73*X]!iJtai1«3t<!:£«tjlfc2SvV'7-^L/- 
^5 X v ^ P -tr x S a £M 5 C i: t, Bj x- fe -S .' 

[0057] «cfe. **^SIt?i4, pirao)WJia)i>y 
3 >^bKA<^j?e*4xfc t c ^> p^/^-oai 

Aifihto^^X^l&e^llTL. ? t,fCK r/025l^ 
#X£ A r **Xlca«ILTK'(bIiS£$|j5.r^-5A<. gr 
Kv^naS/* 1 ?— £it«)-6fflic, E*£1 33Pa 
( 1 T o r r ) SSlC«ofc^*vA''7-^U— h 1 0 
2*NP,^£Eib9 8/2 05K r /N H3;1^73*X£al|A 
v'J 3>K'lbB!l<D*®IC*tjO. 7nm(0v'j3>I 

-lbK£^jjELrffiiS$-$lxrtALv co^^icj^tLii 

*®ic->y 3 >mitmmmzHtzis>) 3 >K^bK*< 

lblKJI*Jilcf::^Ti&^£. ^bUg^jjElcliU i 

[0 0 5 8] *HJ5Sfl2!8irfcU-CI4. $UiS7jcmf»*RU: 
M-lbK^JiE^rofc^ICA r -£tz\tK r f7"7Xvie# 

x i L-cteffl-r * - 1 A<aa^M<big£ jtm-t -&±r'ii 

[0 0 5 9] felTA r £<$ffl LfcfgKD— 09^^,, 

[0060] ^-r. mmm.) i o i w^jtss 

iC^giU ^(Cv-vr? — ^U— h 1 0 2frf> A r 73X£ 
mAl*rmm^to0)E.tl : £: 1 3. 3Pa (lOOmTo 

r r) 

[0061] mm<Dm^mT.mizni^x^.mmfm 

t=>>'j3>««l 0 3£«ISS1 0 1*lc^AL, *DSft 
£I#^I4*4^1 0 4l:tStS„ $c>lciS»rosS 
$•5 0 0° CIc^-T-Sp C©SSA<300-550 t 
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[0 0 6 2])fc|C, |5|*a3i;fcei O 5>^£>. 7V7Jt7 
■OXD-y K7>ft1 0 6 j3«fctfg5m<JMfi1 0 7 £ji 
Lt, ffiS^WlC. 2. 45GHrfl)70a^M 
U Aiig^flUiS&lSCDA r ^7X754fi£t<S. tttjfc 
*-&^-<<7Q;£fl>JS;£»;b<9 OOMH zSJtfeLtl OG 

As£'&}7&&l\i V-^r7 — ^U— h 1 O 2 t&fc 1 O 3 
©RSJRll*. ^HJfi^fi|-C?l*6 cmlCig^LTtN^o CCD 
fflPHiSHMi:?*^ y£>tfcJ5mA<^Ifig<!:fc<&o kfc* 

mmmm-vi*. 7^7^-f>xn>yh7>ftjfflu 

IV, 

[0 0 6 3] C:fl)<i:5lCA r *'X-Cie$ilfc7"7Xv 
KWSftfc^y 3>g®l*<gx:fwMtoA r^Tt^mm 

li 1 »fffl© A r ^X-^ag 

[0 0 6 4] JfclC* vt9- TfU— h- 1 O 2frP>A r # 
^.(c»|±Jt-e2%<7?NH3**^^jl^LTagA-r-S. C 
0>[g, ffiS^WOJff^llil 3. 3Pa (lOOmTor 
r) *Iglc£-3 0 A r #X£NH3#xa<;1€r<**l.fc£; 

ffisie^xvttii, 'pram&ikmiz&ZA r *t 
[0 0 6 5] mmo>mm<Di''j=i>m.itmi)<j&tfL 

®|jg£*S7U ££>ICA r/NH3?1^**^$A rlSZ. 
\Z W& L TS-lbXg £$S 7 -T 5 . 

[0 0 6 6] JaJi<Dgfc«fl2J?£lc^iN-c. mfiiffi5J?Ju fit 

^ / < v $ & <t* £ # t,- ¥*i**fssa £ ^be £ -a- & . 

[0 0 6 7] ^Slfiif^tli, 7^l/7-f^D-/h 

X^:/D*;*:tf;UCNH3£El^Tl*-&Jb<. N2<t H2& 
[0 0 6 8] ^BJ0)v'J=i>M^Bg^J5!tlC*J^TI*. 

v * izxmt>m&? * c t i= <t y . •> u a >s<bia + a 

[0 0 6 9] Si-HjS^ N-Hffi-£&*maA(Dmit 



* < <t y . *> y 3 >/ v y => >s<bis^®^gBjt 1 2 

x 1 o10 cm -2 < i : ^<}t|]xC)+l* <> (ArSfcli 
Kr) <tN2/H2a>Jl^^^.^fflLT->'Ja>M<baS 

$^)«-r-sii^ici*7X^*fx©»i±^ o. 5%w±<k-r 
[0 0 7 0] 071*. ±mai^-mv^s$.Ltz'> t )^>m. 

^blSI?©E*flci¥14^*-r„ fcfc'L0 7 tf>3lf*l~fct>T 
A r/NH3<D#I±tbl*9 8/ 2 dgSS* *VCfc U . fiE 
ISB#fai*3 0»t?fc-5„ 

[007 1] E7£#JR!-f.&|C. §4bliI©fi!t«iiSl*. 
ffliaSrtWl±**TlfT^#X (A r £fcl*K r ) *<N 
H3 (*fcl*N2/H2) (c^jL^X^U^f-^lt-\?>Lfc 

I*. #*.l±2)l*6. 65-1 3. 3Pa (50~100 
mTo r r) <D«SfflA<»* LU>A<. tero^JfiffJffiT?^ 

&<fc-5K. ^biS^^JS^-r-Sx^-ciiiMblciSUfc 

I±*U 133Pa (ITorr) HJtlCijjft- LT 

fe-So *73*X^O)NH3 (*fc(iN2/H2) ©tt 

EElil ~1 0%<D«6HA<a<. ^f>lc»^L<l*2~6 

[0 0 7 2] ^«fi^S6lCj:tJ|#f,+ifcviJzi>^bBI 

roit^m*i*7. 9t*ofcib< % c©ffii*->g =i^Mit 
[0 0 7 3] ^JS^fiH= < fcyf#t»ttfc'>ij3>M'(bH 

roa3gai±4ttt^a^Lfctc>5>, mm#3. onm 

(RVMIHMbKl. 5 nmtiS) <Dk2iz^ IV 
y t 5- 6«TJil±tfit^J-<7a3S!»1tA^f,^SC<!: 

zteo^tizjii)^ *f- vimmz*s*}z\^mw&*®. 

[0 0 7 4] Ji^LfcS-(blSfl5J5Eia^. fcj:t;^tt 

fl*j» m^M^ttii. (ioo) v y 3 >g®.t 

l-BS^**i-54,0-c?l±3&:< . ( i i i ) M&Sti&btP 

[0 0 7 5] *HSfiJfJS8l= £ fcy|#c,tLf=*f^Lt^* 

\tt£<. M^bK*(CA r^fcliK r A<#^^?H-5C tie 

UXA*. ^bK+IC^*^*t^) A r jbi)LN|*K r lZ<fc y 

I = * « *l t <D t % £ tt -s o 

[0 0 7 6] ft[Z^ vyn>KibK©li^<t|W|«lC, g 
®!BSlCj3tNT5 x 1 0l1/cm2jJtTa>A r^fcl*K 
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[0 0 7 7] ^B^ro^bK^HiSt-^fctolcii, 01 

m t -f & 91 <D X-7 -J □ -tr X fflgB L r 4, * £ 
fcfcl^ ■7-f-?PiKlc e J:y ^Xv^He-T 

&tzlfo(DA r tttzltK r #X £ ST 1 WtfX&iiJ 

«jf<h. NH3 (*fcl*N2/H2**X) **X$«ctHf 
*k HiFfBmi «tl*gfc*m 2 W#X«tifc 

«tit<t^t0 2|g->-V7-^ , U- hi7"7Xv7~DtX 

gg-<?fl2j£-f * c 1 1 pjtg-e & -5 o 
[0 0 7 8] *3lliS^®-r?^+L-5KibKfc<fcu:M'(bK 

I*. mt®kn.TS&tt.mW8.0>-tzlt>\ZK r £^X-?IS)jg 

[O O 7 9] 1 O 1 

C^SlL, ->-V7 — ^U— M O 2*>C> A r tfX^lfofB 
fflill o 1 +lcaiPA-r-S>o 3!l:iAJiiS^$S«) 
OTA r*>?>K r**X(C^ygjt. MIBfflS^ 1 O 1 faO 
E*^1 33Pa (ITorr) SffilCiS^-T 
[p O 8 O] itffifl)ffI«lSXS-Cft7 -vltjSfe;**< 

•>'Ja>SlS1 O 3 £ffifB«i3S 1 OlrtlcSSAU JlD 
Sft^fil^ffli^fciS^ 1 0 4l:«tt^„ £t>{zumm 

[0081] zuzmzfsmmxi'g i o 5*^57^7 

-OXQ-v h7^ft1 0 6lCH-KJa*t2. 4 5 GHz 
<DV-r<7Pjfc£ 1 &||||{fcfl&U frfS-vr->o-K$S5f3i| 
m<*«1 0 7£fl-LTl|irfB«Hlg1 0 1 rtlcalA-f -So 
-5 lcLTliUlB«HI^1 0 1 1*1 LfcJS&S© 
Kr^X^IC. *iIiBv'j3>SlS1 0 3<D«®£B§-#- 

[0 0 8 2] gUfB^SSl 0 1 l*J(Dl±2l£ 1 3 3 

Pa (ITorr) H&KSft Lfc*£. v-^-^U 
— hi 0 2*nP>9 7/3<7)#Eit<7)K r/02Jl^**X 
ffIfB->'j3>Sffi1 0 3<BgffilcJ?3A<1 . 
5 n m<£> v V 3 >BMblR $ -5 . 

[0 0 8 3] &|C. V-Y? P £-B#<?ltU O 
2**Xfl)3IA^f?ltt--5= SblcJI^SS (ffiSS) 1 
01«$Krt^-vU:i. !7°U— h 1 0 2 

^<E>a-|Etb9 8/2 WK r/NH3;!£2f.*£agAU 
ffla^WCDE*^ 133Pa (ITorr) S&lCig^ 

Ltz&&. nvmmmf><2. 56ghz©7^^qs? 

MSfiffiS^l o 1 fllciSffijSro^X^^fifc 
LT, flUfHv 'J a >i^biga>SMlc 1 nm(0y'j3^I 
^blg^^fiJc-r-So 

[0 0 8 4] Rjrso)i«jf u 3 >m.itmmm 



2tltztZ*>W(ta}BL'i<J-<Dm*.&&±LXZf : ? 
XV&g^lftT U Zh>lZK r/NH3Jl^*"X$A r 
*"X|ctlLti!1tHblM$i7t4. 
[0 0 8 5] Ja±G)^b^bS^»ci^tNT. 
0L fcgBS^riu 7jcfSlS/>$i!iJl£Jrr Cilery, h 

[0 0 8 6] COl.fe^ULT^jSLfcmil'y- 

r-M^ffilc|*viJa>S«i o 3 0>®;£<aic*H-£,tic?F 
14t^P>ti.-r, (1 0 0) SUW0)i:<D®^{4a)-><j3 
>lCtffi*tfc<»tt©y-r-$6i^l|g^^-C#fc. CflDi 

[0087] *3l8fi^S|-eii. -> 'J 3 ^ffliJlc^bBS^JfJ 

f$.-tzmtm. mitmo>2mm$.&7jiLtzib<. smicjs 

crffil'lblis. ^bUgroin^SA^^-Sct. £fc!Mb 
IS/M^blg/K'IblS. M^blS/K^blg/M'fbK^ if© * 

t>iz&m(»mmmznm-r c 1 1 nitrcfe*. 

(»40>||J£^) JJuic. y-hf£ltKI=^7X7«ffi 

t^fcesronM^biis z&m l fcujgffj ® ^ rnw-t . 

[0 0 8 8] ^HJg^SI^^^K^b^JjESMI*, m 

[oo 8 9] *-r. ss#s («ass) i o i 

IC^L, VA"7-^U— hi O 2 ^ P>giTtS«flSS 1 O 

i *icA r T^x^aiA-rs. mzmtzmmmi o i +ic 

rt<7)l±^I^ 133Pa (ITorr) fiSlCiS^1--5. 

[0090] z z>iz&mo>mtikmi.mT°i&y vmmmtf 

v'J=J>St51 0 3$flSB«lS^1 0 HflcagAU ftJ 
S»«S«t^«l^fcH^1 0 4lc®gt--5„ *f.lci4i^0) 

s££4oo°ciri$;rr-&o 

[009 1] mlfi^jKei O 5A>i= > : 7i?7;U7-f 

>XP-v K7>ft 1 O 6ICja-KSS!t*<2. 45GHz0) 
^-r^P;K^l5i-jy|««&L. miB^vT;U7-f>XP«v 
K7>ft1 0 6frS>^m<*;|S1 0 7$jiLTffliS^1 

0 i wicstnB^-i-^pjffi^^AL. fifrieaaJisi o i « 
r ^x-^aesti-fc^xvicfjiBv'j^^sffii 03 

[0092] ;jfcic % mmmmm i o i a>j±* sn3P 

a (ITorr) HS(C$t»L. S5IE V h 

1 0 2^b»EJt9 6. 5/3/0. 5(DKr/02/ 
NH3?I^X5§AL, V'J3>SII:3. 5nmCD 
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B1bH*<»JS * t - * -e v -r * n XL/iv-omJK £ 

ittbZt^Xv m&£&7L. £*>\ZK r/02/NH3il 

[0 0 9 3] ^©ISlbK«2j£l::$il^T. m«Eff*J£x 
*§. «HK»J*XfK. *Si:>:/S«!13lXfIfcif£i6U 

[0 0 9 4] I38ic^-r<fc-5lc. «%£ttri::J:yai£L 
fclgffl*ItiitO*C05g£&|gl*K r /02/NH3#*<D 
;1^ib*<9 7/3/0-9 5/3/2(Dffiffl-e(*HH6*l 
icftfcLttlitf. **.ia±NH3(Dtti££m*£-e-.S<t 

li»-r-5c 4#ICK r/02/NH3**Xfl)j-l^ib*<9 6. 
5/3/0. 5SJS©Ji^(c'J-<7®gSEA<ata'>L, 

[0095] 09i*. 2 2m-^nmftm&vm&L 

tz. *H!fifl)»«8lcj:*ltS-fblliwa>i/'Ja>» BMt. 

fc*£LH9 + » ttttliBBftlll 

[0 0 9 6] 09$#it5lc, fUEK^blK+lcfclf 

^s^oiSiti*. •> y 3 >/-> 'j 3 ism&\ti&m-m t v 

U3>»S^bK*BBI=t5^-C»<, KM-lbl«+*aJt?li 
ttdrTSOfitfefrft. C05KM<bK«t>(canyA**ifcM 

[0097] 01 o immmmmz&zMmitfstcD y - 

mm*)— 9 mam ft <t . nwnbi= j: y &j* $ tifeiMbiit 
© y — y mmm t ^ l t t » -& . 

[0 O 9 8] 01 0£#8rf SIC. K r -^^XT^StlC 
J:y!fSSS7K*^*^J6LTA>P)K r/02/NH3#*£ 
3|ALT»glb£ftofc*itJfc^lc£.&gtS'lbl8i-e 
I*. «fe*<7)^a-e}f^$^f=ig-lbliIJ:y. B-«»T?lfc 

'J * Wtt £ +LT t\ « C i tffcfr S . 
[0 0 9 9] 5tlcf5iBJLfc0 6*lCli. C<Z><J:5 

c = l -c »i* * txtz mmitmo) y - * vstms <t bsjs© h 

[oioo] 0 6 ^st;#fig-r-5ic. *ni6fi(D^Eii-cfc 
y k r nuts if ofc*T?»***ifciiafl;Bii*» n««t 
i a ■<? * nfc mt bi i n« * 1 j - «st«it * * 

35©fit*<1 x i 0-2A/om2|::jltf&i\cJ:fi<t>fr 
[oi oi] *£ffiX»ttl=,l:«ftg4bK-CMi. *cotti. 



ttWWt*. 5fe©Hlfi«fi|1 <Di«blKJ3Lt(cfi;h.fc*,<& 

v'JaXB (100) W<Dftt£>3-f. £<J)W?5 
tt<Di/«Ja>*B±(=t. g;Kfc4f tt©f- h&l£lg£ 

[0102] ±2&Lfcj;5ic. *H»aai**Sl»*Lr 

*^f>K r/02/NH3SffiS^ , 7Xv»;J:y v'Ja>8t 
S<bHI£fT3Cfc-e. 400' Cirl^teSfCfcl^T 

it/airov y a >ns<bigi £ » j*ir * c t iw-c * * . 

[0 10 3] *3Ste<DJ&fiS»::fc^TC©J:5£»£LL> 
*MRa*»&*i*a>M\ «fcy»S<bl«*<J!> 
*f&#*rg*<M'>L-co-5 z ttett-eis. < s »g<bl£4> 

*3a&fi«*ag<0»S-lblKT?l*K r 
SliUJSflS© i flDmbBfcli^tt 1/10 JBTF-cfc U . 

»'>L, *fc»*36«****L*Ci:l=J:y. IS*-^S i 
/s i 02^-0-ccdx huxA<e«*tL. -erojg«gl* 
««^lMB»tt<o**36<««L» *orifri5iSg^bisro 

S583iia-(biig+ro7K^ij8SA<. «n*««JH=Jsi*r 1 

0 12 cm -2jjiT. M*L<li1 0l1cm-2gfiJSlT(C3* 

tmvLT&8to>&m&-£tiz t *^ -> y n >isa<bi«<D 

[0 10 4] *3lfflH^6l"ei4, Hra«BUVa>^'J 

A$ihift^^X-7i!lS$$l7L. $f.l:Kr/02/N 
H3;1^**X^A r #XI=B«iLTttgfl;Xfi£$$;LT 

3 3Pa (1Tor r) StCilttbfc**. fllfivV 
7— ^L/— h 1 0 2A>ii^|±ib9 8/2C0K r/NH3 

;I£#*£3IAU e/>Ja>KM1t||a>«B{=ftO. 7 
nm(D->Ua ^S-lbBS^ ff2fi£ L T*> ^KS-fbXff^ $17 
LTtiU. -fl>*S£l=«t*ilii/ya>»S1bK©*0 
i:J»'Ja >S<bSS*<^fi!c * *i. «fc y «R«*«l6ttBI^ 

[0105] 011 (a) ttvA-a-hU>f7-fVU 
—v 3 >tf)8f;&0£;*-r„ 
[0 1 0 6] 011 (a) B*ffl->+D 
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— KL/^fT'l' vu- ~>a >li*>'Jn>Sffil 0 0 3* 
miZZf^X^Jiv^XfiZ^lJT^ VU— V3 > h U> 
^£ff2fi£U f&mZtltz hL/i/^£CVDi£l::<fcyff$J5£ 
Jtifcy'Ja>Sfci1 002|c < fcy*E#U 
Hirf5v'j3>IHtl8l 0O 2£^*.liCMPajfti:l:: < fc 
y VtHb-f & iz j: y £ ft 5 . 

coi 07] *mmmmvit. cMP^(=«fc.5fit5v 
y ^ >K<iblS 1002 roffiisrot, -> y 3 

8 0 0-9 0 0" C©K-lb1tfl)3?ffl§llCBS-rCtl=<fcy 

«44i81b £m\ «&iHb ic j: y mm * *if= v y a >» 

Iblg^-yi&^fcig&^-Cx-y^-T'U **tttt£ 
ftfcvy 3>*®£f#& 0 *HJfi^-CI*. XJUMftl 
ir^CD^rait?. K r ^Xv|c£y*ffilji?3£;fcfJ|£Bfc 
£U *©&K r/02**^^«lALri/y 3>BHbl!S 

[oi 0 8] *mt&<Dmmiz&intt* m-\ i (c) 

->VP— h L-^T-f VI/-: >a XBftfflSIc 
fcLvCt. £/U3:/IMtW4-«ft»*-C»J***U -> 
'J 3 >IS<bP(7)l!IJlCD5S'>A<* C -S C t lift l*„ CO K 

^P-hl/>f7'f VU— V3 >SP^^ftfc±t*a)v 
'j3>BiIfflQBO (Cha rge to Brea 

kdown) 4$14ii. ,1A1^H o2 

[0 10 9] filHv'J 3 >BS-lblS£SE3|Ea>??&iglb;*i::«fc 
or^fiKLfcJi^lcl*, Eli (b) lC7jrr<fc-5lc. v 
YD-H/>f7-{ VU— v 3 ><Dt— ft 

•SIcSeoT. >>t h u>f 7-f y u— > 3 ^ftgs-e 

IS, f-^i^^dioTt,. v^P-H/>f7-f 

v u-»>a >fltt-ea>~>y a >^bBS(D»ffi^bi*ec c, 
ftn. ^c-e#ggJS0!lT'i*i/-vn— hu^fj-f vu- 

f>ft^m«S(p]±A<pr^i:ft-5o Vt*<D®mtte£ 

mi 1 (b) ic^Lfc h-isisTnwx-om 

7 OSfiSrox-/^A<fflL^ttTLNfcA<. ^IKMICJ: 

[0 110] H1 2 1*, V 'J 3 9 OJglZX'y 

^>-?LfcMi£b3EiSff2tt£8ovy 3 >S«lc^Jfiff$® 
1 0>^lllCftoT3 nmOimZlzm&Ltz's') Z3>Mit 

[0 1 1 1] Ell 2£#fiTf Sic. <t*<Z)®±lct«D-ft 

IKS© v y 3 >mtmtfmtfLx #to-5 c £ tfjtsr- # 
[0112] cro t fc5icLTff^j?E*>h.fcK'lbBlT*i*y- 

?B^»£ft<t'CDmmim*14liaffT-&y. tot* 

s&BjHcj: ytt&flt&ft£attftaiB«tt£ *-3*>y 3 > 



srroi^bisfcj:^^ia. fe-s^i*its^bis<D^fi)tfe 
« £ mm Ltz*mBJxom 6 ©nffiajflsgsir <fc & 7 ^ ^> 
zLt^'jmwz-o^TmwrZo ftfcWTrotttB^-ei*. 

itmftnmmm&zG-? *ep rom. eeprom§ 
ict,jgffli>m 

[0 113] Si 31*. *Htfi(7)^SII-J:S77'VVi 
[O 1 1 4] 1211 3£#Rg-r-5K. ^rlB^^-vixapt^ 

|j*fH:->'j3>Sfii 2 o 1 ±»c^jj£$^rfcy. sir 
15 ->y 3 >Sffii 2 o 1 ±i::»j*aF*ifc h>*JU|MbK 

1 202t. HUtE h>*JUKttllg1 Z0 2±.[ZBf&21X 

fc^D-f^w- hmsi^ftsm i (o&m&is'jz} 
>y— i 2 o 3 t t mria^Svy 3>y- h-m 
8i2o 3±izin;*fl2j££;h.7-->'j 3 >BHbllJI i 2 o 4 
fci^'ja ^M-fbig i 2 o 5 1 % friev y 3 >mitm 

1 2 o 5±lc^j5E$*ta> ha-;uy— h«ffi^«iiE-r 

§i2ffl^flv'j3>y-ngi 2 0 6,kANe.i«fiE 

SftTl^. £fcHI1 3*. V— KM>i 

3>^-j7 h*— — >ftif©IS^l*^BS 
LTtBft LTt^^) 0 flrt3->y zi>mtmi 2021*^1 
o>mmmm-e®.WLtzis') znsmitmtei&xmiz*. y. 

i/'J^VKftil 2 o 4 fc.fei/M'fbSai 205© 

«ni«iti*. 3Ufiff$si 3 -ci^ Lfc -> y 3 i/^itmote 
toi 15] B14-B1 7^mmmmo>-p^v>=L 

SET? is -So 

[O 1 1 6] El 4S#It5lC V'j3>*tel 3 0 
1 ilcli^Y-^U KKfclKl 3 0 2|:j:y77-r>a> 
=Ey-b;u«l^lA, SSJEffl hv>i;*$«JiSB;fttf«« 
JEfflh^^^X^^iJgEcA^liEE^nTfcy. fJf2«HEA 

~c(D ! &'!7lcfcL^rfIl^i'y 3>*«3 o 1 wsbicv 
'j3>K-(bflSi 3 o 3A<^ia^F^^rL^^„ MS27<— ;u 

KKftK 1 3 0 2 liiHRIMbSi (LOCOSiJ) 
a— h U>^7-f V U-v 3 >j£ft tl.tf.fc 
t^ t , 

[01 1 7] *3!J&SJf*<i!l=fcLN-cii, «®$I«7K*I^ 

K'lbBiR^'ibK^jiErofctoicK r zy^x^mm 
iixtLx&m-tz* mm* mitmr>mmsit® -\ t 

[0 1 18] XCB1 5^0X^lCfcL^T. /^y-fe;U« 
^AA>P>MfEvy 3>K1bfig1 303$^L, 

»gfe;tic<ty->y 3>*®^mnag-r-5. $f.ic5fe(D 
mfanxmi tmmzLx. h^^-^K-ibjai 304$ 

[0 119] -fftft*.. 5fe©3ias^Sg1 iB»C. B1TI5 
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u&mm) i o i fc$££ic$au unifies 

I101 tflCv-V^ — — M 0 2frt>A r #X$3i 
A"*"*. ^ICMIBA r #X$K r ffXlC^Jlfx.. fflil^ 
1 O 1 tp<DE.1j$ 1 T o r r HSdlS:^ <5. 

[01 2 o ] *|c„ gtJlSv U n >»-fblS 1 303 $&5£ 
L v 'J a $# 7 •> it#Hi L t_frlS-> 'J 3 >S« 1 
301S> mirov-'Ja^Sffil 03tLrB?rfH«iS^ 
1 0 1(*IICS|AL. JJDS»&«£« *.fci43ft£ 1 0 4IC® 

g-r-So $f»i=is^ross^4oo°cici8:^-r-So 
[0121] *p>(cffiiein*iii^asei 0 5A^^,7^;7 , ;^ 

hT^^-M 06ICJ13KISA<2. 45GH 
7v7;i/7-f^avh7>ft1 O 6^?>gIfBg|B<* 

«n o7zmLTmmmmi o i wiriiA-f strie 
•>U3>SSi3oiosi^ croj^i-LTitirfeffli 

SCtlcfeU, 8iIIBS«1 30 10v'Jn>Sl^b« 
[oi 22] awe, j*j(c^trfe->vr7— t/u— h i o 2^ 

bKrAX 0 2 **X^igALr«JfS«il|lAlcgIf5h> 
^^!i:liI«!:>tcS-> l Jn>K'lblSl 3 0 4$. 3. 5n 
m<DJl$IC^J$L. ^TSn CD^JsSav'Ja^lil 3 
05$. IWB*>«Ja>lMblIl 3 0 4$S3J:5l=ltW 

[o i 2 3] JKlc. iSmiEffl&imWEffi h7>^XS 
ff$j£f|iS&B. CKfc^Tfllfe»10>£j£avya>JI1 
3 0 5/^^— — J: UlSiL, > ^ U -fe iUHJiS A 05 

h >*JUBHbBt 1 3 0 4±|co>*k mi 'J 3 

>/\°-5< — > 1 3 0 5£J£-fo 

[0 12 4] CCDl^^g. ftftStfl*. ^JSSv 
U3>/^->1 3 O 50)S®l*7K^$l«$*t^.o 

[OI 2 5] ;*irigi ecDXSIlCfcl^T. £a>»3 0)gg 
fi5^®«t^til~LT. T«PKftKl 3 06ASi;±aiM 
IbKl 3 O 6 B0>ONl»jt£^-f SjfcjflKl 3 0 6$. 
HiJfE£$SavMa>/\°$ — >i 305©$I$I?J:5 

[0 12 6] COONlli. ifcroj^i-LTfl^-f 

[0127] jcs#s (ffias) 1 o 1 to£Mmz®% 

U Vt9-^l/- h 1 0 2 3Er>t>3iA£;h.T^fcA r # 
X$K r tfXlcfflfcATWAU ffliS^rtfl)l±*$1 3 
3 P a ( 1 T o r r ) UglClSJg-f £ 0 MIB7Kf& 

$l«8*^f=^$Sav'; a 1 30 5$St5-> 

U3>ssi 301 zmtmmmi o 1 wicaHAu to 

8MS8Mt$ftoiamj i 04ic©fi-f*, 6 SFP.iciaMros 

S$4 0 0 o CIC^-Ti, <) 
[0 12 8] |5l$ft^jffiei 0 5*Nf>Jl-K»A<2. 

45GH z(7)T'r^P; , K$Wlfi7V7 r JU5-f >XD-y h 
T>t-)- 1 O 6 1=1 tftHU SflfBv-f 

ttrfE^vTJU^-f >XPy h7>ft 1 0 6frP>giIi5g$ 

st*«i o7$^LT«rtB«aa^i o irtjc^AL. as 



vUa>/^- >1 3O50)$fliK rtf^lCBSS* 

[o i 2 9] ;*icitijia*ag£ i o i w<7)j±*$ i 3 3 p 

a (1 To r r) HglCfffc Lfc££. 

U— hi O 2fr£lt!jiE«l31^1 0 1rtlCKr/0251^ 

*TX$3IAU ^jSSSv'Ja^SSIC3 nm©v'j3> 

K-ibie^^ijE-r-s. 

[0130] v-<<7njK(0tt^$-^itLfc 

KrtfX. O2**X0)JiA$^ihL. (A 
MM) 1 O 1 rt$#f&LTfr t>. vt9-7"l/- h 1 O 
2j5«P>K r #Xj3J:tfNH3;tfX$aSA-r-5o HtJfBffliS 
H0lWfl)E*Sl3. 3Pa (lOOmTorr) 

eaic&gu 4 sgh 2 (7)^-<<7Dje$gif2 

«iSSl O 1 rtlcHtrfe^yT^-f >xn-v K7>ft 
ur. '✓y a^ffi-lblS&SKe nmGV>'j3>g<ibB8$ 

[OI 3 1] Z©«k5irLTONBi$9 nmltLfci 
#f>tlfcONlig(DiaJll*-«T*. $tSiv'Ja> 

[0 13 2] ^0>J:5I^Lrf!FlBONP$^fiELfc«. 
191 7WXSIcj3L^riSmEffl&i;fimEffl h^>vX 
$«J|EB. C[ZfrZ,%ml&k^ 3 0 6$/^-z^|;«|: 

B, C±f=mraEM0Pffl0'f t>SASff 5. £&l= 

ttie««B. c±.\z.i&&ztit=.mtm 1303 

U IttlBliKBlCtty— hBMbK 1 3 O 7 $ 5 n m<DJ? 
Slcfl^fiEL. *<B&. IMBflMciry-i-iMbBn 3 0 

8 $3 nrrKOJl^lC^JiE-r^,, 

[O 1 3 3] 7^Hl, KBMtH 1 3 0 2^ 

■r^±i*«tit±icm2o#jssa->ya>gi 309ay 

*>'J-y--f KB 13 1 0*«Ufcl=»j*U ^t>lcglfB«2 
fl>^»a*>'j3>Hl 3 O 9&tCv'J-9--f KI1310 

j:t/fiaEfflh^>i?x^^cizy-h®ffii 31 i 
Bfcj;m 31 1 c&zti-€HKm-?z> 0 * t>tcsn*e> 

^'JHz^HlAIC^lSLTy-hafiil 3 1 1 A$JfcJ& 

[O 1 3 4] Ell 7©Xfi(7)^. fiM^f?!*!!!: 

IB]*6sg:aSfc«fct;a>^^ h*— JU<D»J*¥>S|fc/<$ — > 

if o T*^- $^«$ . 
[0 13 5] *&BJj-Cli. C4xf>©tt«gRl 306 A, 
1 3 0 6BI*. *0>Uim£9t*0>MitWt J t>&tiglO)%3!p 

*>. Cft^OvM a^i^blKl 306 A&i;v'J=i>a 
ftKl 30 6 Ba»0»bLT4.a«««ftM4*tt««' 
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Mitmi SOeARtfvUal/gtelRl 3 0 6BI4«jg 

[0 13 6] ^O^^'r/a^tUfTtt. tiMS© 
JWtSciA^^, h>*;u|&SiR<D&lb*<JiP;t£ 

[0 13 7] ^B^lCcfe^^^^Vi^^Um^lifilH 
«6*§R1 3 06A, 1 3 0 6B>b<«;h,fc|gft£:rfaC 

t ic» js l x >) — 7 mm * < . ') - 1 «ss * m 

&*fc-5lM4i8£ttf*A<5 VfUC0>Mf^*E-CpTttl=« 

«Tia±ii7c-r-5o 

[O 1 3 8] fcfc. $fe!SKl 3 O 6(BR8ij£l4±teON 

«Jti=Rofc*a>-c*<. ft-ftftiBi &nBattfcR* 
e>fc*o»if. ftft»tt2iW»©Rfl;R*&fc*NR 

*fc. BirSB$£*IRl 3 0 6I4. BlbRifc.fctfBHbR 

frt>fc.&No«ig. IMbR. B<bRfc«fctfiHbR£«* 
«Jf LfcONOfllii. SlbR. RfcR. B-(bR. IHbR 
il«MLfcNONO|«ifTJ5oTt,J:l». RIB 
$6^H 1 3 O 6 £ LTl^-f ftOfltji^S^frte. isma 

B&oftmi± K^>vx^aixesi± i>7>vx$©y- 

h»lbR£<BS£14Ab#ffii*tetek££#jtLT. 
(C ft C T Mtitt -5 C <k 36<T? ^ s . 
(»7 0HJS^ffi) @KD81$lUfc. Kr/027 

•f -7 □ jKISSftSBlS zf*? X^\z£.%> y— hltlbR© » 

j£. fc-5LM4Ar (ffcttKr) /NH3 (£fcl4N2/ 

H2> *n»Bi6*eR??Xvi=,fc*y-hftfc 
R0>«J|£l4. B£G>*?ttftaxfB£ffll*«::£ftt-T!# 

• (flStSO I ) 

<DR»jW»l**±ffi£<b»<fe*fr-5 S O I Wtic&l* 

[0 13 9] 0181*. tlS^SO I*ifi^*-r?>M 
OS h7>i?X>©IBiH6*t. 

[0 14 0] H1 1 8 &&mtZ>\Z* 1 7 O 1 I*. n + S 
fc-5LM4p + S0)«»tai|i»(*S. 1 7 0 214. N i S 

i Jfet*ffly'JiJ--f Kg, 1 7 0314. TaN. T i N 
JfORRttBlbRR. 1 7 04ttCu§©tII. 17 
0 5l4TaN. T \ UU£0)mm£g.tt.®m* 17 06 
(4n + SJfc-5lM4p + S!<&«*Sffi¥3P<*li. 1 70714. 
A I N, Si SNtfFOBIbttfftlHL 1 7 O 8I4S i O 
2«. 1 7 09I4. S i 02B. BPSGH. £ L < 14-t 



*i&*«***yH:fcR«RR. 1710lin + IKH' 
>R«. 1 7 1 1 14. ntV-XjW, 1 7 1 214 P + 
gKUf^R*. 171314. p+SV-XW, 17 
14. 1 7 1 5I4< 1 1 1 >7afal::ffilRlLfcvy 
KM. 17 16 ii*BRa>Rft»n 1 a>¥Rc:<j: y k 

r 7?X?Rlt-C«RftR*Rfit|*£3*lfettK r /O 

274'9ciRn&ft£R?7X-7-CKft£*ifes i o 

2R. 1 7 1 7 J3cfc If 1 7 1 8 14. T a , T 

i. TaN/Ta, T i N/T i B"C»B**1.* n MO 
S h^vX* JScfctfpMOS h7>yX$(Dy-H 
SI. 1 7 1 9linMOS h7>vX$rov-Xlfi, 1 
7 20l4nMOS h7>vX5RtfpMOS h7>V^ 
KU-f >B1£-efcS„ 172 1lipMOSh7>v 
X-S»0)V-7.mffit?fc-5. 1 7 2 2i4««*®mfii-r?fe 

[0141] JKOcfcdfcT a N-t>T i NT«R£*lfc. 
C ulf £^frS«T*J4. C uCDtt»$ff$S.-5fctolc. 

ftftftaRi*. I5700- ciaT-ettit*itf<t6«ti.». 

n + £!fc&lM4p + i>0>V--X6-&(,W4KU-r >«iS&l4. 
As + . A s F2 + fc-5LM4B F2 + W-f t>SA«. 5 5 

o" croSftfflST^jjE^-*., 

[01 4 2] 01 sro^/w^Bit^^-r^^ft^a 

icfcOT. y-h$&«iRlc8iIg*bR£fBOfcig£<t. K 

02^^ <7 □S[SiEiSSS^X-7«iSt?»$fiE* 
— Hfc»R£Bll*fciR^-C h7>vX^W7xi/-r> 
a-)l> K4#t4tf>ib*$£fT7 £. y- h&JiR£S»IHbl:: 
cfc U^i$Lfcti^lcl4-9-^XU-v->3-;i. K4S14ICI4* 
> /7 ^ 1 ) - /? £ *t A<. IB 1 c «fc y y — h £R 
R£ff2j£ Lfcii^lctf-tf-:?* Iz-yva — iU K4*ttl4B» 

[0 14 3] y*H«?»iiast%i^i:. 

>1HI*T*H*RRfl!>«B»l=ttS'y 3 >^p®Si5i:l49J(D 

TiMbi=j:yy-hWMi*»Bf 

»«HBB»©K<bt¥ffi»tl^«lclSlSia-|cff5ci: 

[0 14 4] K2Omtt0)¥ICJ:<J. Ar 

/NH3^fflL%TffJj$Lfcvy 3>B<bR*y-h«B 

«^i4^j*ot=^a*ifiso 1 9km®m$iW.zftf$.-rz> 

[0 14 5] *BB»ttlcfetx-c*. i/'j3>B4bK(D 

I*$3nm (^ya^illbKBRBRilffl. 5n 
m) tLTtft»ft«Btt»tttB«CiA<-C#. 3n 
m©v 'J a >M«S«ffl Lfc 1 1 <k y t h7>/X5 
OHRffiA €tt 2 «±if * c t *<-e 
(m8©H«fiff$g|) El 914. jtlS^X^Mii/ 
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ItffliJl. S4b«Ul« fc3t,M4&MtefiUI£fT5fctf>0). 

[0 14 6] El 9^#R§-rS(C. (ffiSS) 
1 8 O 7 £3£IittfglZ U ^ICfrlSfflS^ 1 807W 
IciSlfkftfcv-V'? — ^U— H 801 ^f>K r/02 
;1£*rx£3?AU *P»lcgiI5«i3l^1 8 O 7W£*v 
«tK>^1 8 0 21C<fcoT^St--SCtU«ky. flfSfll 
If 1 8 O7fi0)EA? 133Pa (1Torr) IcU 

1 8 0 4Clg#. A*7XS)|fi<©;gJS$3 O 0° C 

[0147] mammm i 8 o 7 ici4 ^mo^mm^ 

1 8 O 5A<i£lt€>*tTfcy. ^lrfrfE^IS(D^^jKe 
1 8 O 5(D&*<D*i) v hgfl)^«E>. liS&tRI 8 0 6$ 
jiLTfllSfilSf M 1 8 0 7«|:7-f tnfcZmAL. 

mmmm 1 8 0 7«ics^sa)^xv$^-rs o 
■€-(Di8. KrtBttasi 8 0 7*m^itt.+ifcvvr7— ? 

U-M 8 o 1 liag;Se^c>lSSt*4xfcv-f 7P»J. 
[0 14 8] 02 0I4. 01 9fl)i£g£<£fflUT*f6BJ 
CD£*§av'Ja>iWSh7>vX$i (TFT) £ff2/£L 

[01 49] £-r. *s>)=i>mtm&mf8.L&mLtzm 

[O 1 5 O] 0 2 0£#RP.-f -SIC. 1 90 1liW7XS 
ffi. 1 9 0 2IJS i 3N48S. 1 9 O 314 (1 1 1 ) ffilC 
^lCffi(pJLfc#$Sav'J 3>nMOSfl)f V^H, 1 
905, 1 9 O 6l*-^;h.-€ : :h.£jggv , J=l>©nMOS 
©V— XHlgL Kb-f>««. 1 90414 (1 1 1) ffi 
l= ± IC ig|6] L fc £ fSS -> 'J 3 > p M O S <D J- * * )Uf , 

1907. 1 9 08i4**v? ; ;tx£*sas<' l J3>pMos 

<DV— XflML KU-OIMfCSS. 1 9 1 OI4£jsS& 
vUa^nMOSOjy-htl, 1 9 1 1 l4£j&flr> l J 
□ ^pMOSfOy-Hg, 191 2I4S i 02, BS 
G, BPS G>mO)WLW.m. 19 13. 1914 14£*SS 
v 'J a > n MO S <D 7— ^11 (l*IB#lc^$Sa-> 'J 3 > 
P-MOSO)KH>1S) . 1915l4^av'j3 
> p -MO S<D V— xm^l-Cfc-So 
[0151] *6»BI±lc^fiE$*tS^a?/ijzj>l4Jfe 
^SSlcWL-CfilS^lRlIc (111) ®:5<a£[6]< 

5. *£Ufiff2l8T?l4s 1 90 91401 9(3gB£{£fflL 
TggJ6»mi tf^«CD^IllTttJ5£Lfc«£0. 2x/mC7) 

^B^rov'j3>^bKll-efey, (iii)ffl«iRit> 



fc#j£a->'J 3>±l:4 O O" CtS*3nmtlfiEL 

[0 15 2] ^Sfiff$S8lcJ:til4. h ; ?>itZ.5M<»m 
^*SavUa>JilcJgJiE$ti-5)<DA<fitSiStir=o V- 

x, Kb^>«iiS£flsj£r&f-&oD^;f ^sAtey— h 
B$<blS£iI£-fi::mv 4 0 0° c-caaMjStt-lbLr 

IlSLfc. ZOSSH. ilS$4 0O* CJilT(DajS-C? 

CO) K5>vX^O^StijSl4. i?f$!l3 0Ocm2/ 
V s e c lil-t. IEfl.T?£) 15 0c m2/ V sec &.±* 

v— x. Ki/-<>BEai;y- hssti±i4i 2 va±fcD 

fc. f-V^I/fil. 5-2. Onmlf©h7>vX^ 
T?I4. 1 OOMH zZmz.Z>?5imWlttfi<*Ii&£ti:vtzo 
v 'J 3 >»<bK© 'J ftft. $J$a -> <) 3 >/Mitm 

[0 15 3] *0tJ6ff2jg0> h7>vX^^ttfflt4Ci: 
-C?ftaS>Ml?-« *T*tE l_3g5fc3m4*HB5. fifiltt. 

[0 15 4] *^liS^fill4^IIB^roy-h^bia*fc14 

•SA^ ^a^^^F-mcfigffl^tT-ST^U^TX-VU a 

>ssah7>vx$ (tft) . ftizxtm-momm 

h^^X* (TFT) 0><7*- h|ftfcR$fel*y— Kg 

^bKict^icaffl-e^^. 
(S9on«fi^®) ^sii^wr-sso \m*. 

ifc3*7c»iLs 1 <Dmm$m$t!iBjrt-&o 

[0 15 5] 112 1 I4*^BScD3^5cLS I WB&SHtjt 

[O 1 5 6] HI 2 1 ICJSINT, 2 0 0 1 14m 1 ODSO I 
2 0 O 2l4&2<7)SO I Sl/ffiHUg. 2 0 
O 3I41 1 ©JlfSa^'J 3 >f TRl/ESi. 2 0 04 

i4iS2©^$sai/ , j3>m : f L &i;ffi«ss. 200514T 

[0 15 7] StFfBBl <DSO I RI/E$|g2 0 0 1 % J3 

ck 1^1515^2 ©so i ^Lismmmz o 021C14. ^jgjfj 

©7T?l5iB^LfcSO I h7>vX^$fflt%T7 i v^;U;1l 

Mas, aasa3. -r>^-7x-xiiB&gii^ifA<^EE$^ 

[01 5 8] ^Iismi ©^SSa^'Ja^m^-Rt/iB^H 
2003ICI4. 5fe©SJ6^ffi6. 8-CUiB^Ufc^$Sav 

5Ux^^^>HS95. flMfe^O'yflHIUtr-**. IBIS^ 

[0159] -73«trism2©#$gav'j=i>^Ro:iB 
mis 2 o o 4 izammt&mm 8x^tmLtz v u 
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□ >h7>vZ9$fflOT7V^ AD 

Tst;aite«^^xt;i3^ 2 o o 5ici*3t-tz>-7\ 

■6 = 

[0160] m&T=E}\,77*¥m#:m : Fn.vmmtm 

<D^$ta-> 'j a >m*a.vmmm 2 o o 4 icisit htitz 

o^iv y a >m*&xfBmm 2003 fcsiMiBijfB 
m 2 <» & mm -> «j 3 ^fftT&i/ieaiJi 2 o o 4 icts it t> 

£*8A<*U * blcflfsm 1 CDS O I Rl/E^g 2 0 0 1 

fe-5iM*fl!fBm2a>so i ai/ffi^2 0 0 2(cisi7-e, 

[oi6i] St. BfrtEmi©^$ga->'j3>*^ai/ 
ls \£&toimmm&m&?zzkt><x-£&. 

[0 16 2] Z9Lfc3*SLS I tffttfLoIti&Zte-itz 

tote, ±tzto&mmizt$mizmBAi,tz*§sBjito&mz 

[0 1 6 3] 

ifswtommi *mmz&*ni, vU3>s®co¥ffitt 

7?, 4 0 0°CliSJilTa)<gSt?t^lC*®$|Sffi7k*$ 

#14. «Hte£:rr£v'j3>B$Hblg. v'j3>M<lb 
IK. v'J3>KM^tK^JK)5 0 0°cSJSJaT(D«S-e& 
£#&®:5{i<D->U 3>|cff2j&T?£. 1IBtt0ttl\ iS 
tM6*«B h9>S?A*JM*BB*B«T?**J:3l=«IE 

[0 1 6 4] £fc s 

7-f v u— > 3 istet'tomtt&mm&tofttfiftvwih 
ff)fcss®i«?toy^ t «j —7 *§k-pb 

[0165] $f>ic *&H<Dy- HMMi*«ffl-i-* 

* * ') SHF-fc <b* « C t *<T # fco 

[0 16 6] *£BI::J:*lI*. BBB±l=tfJ£ 

*tt*±t lt (iii) ffiicffifS)-r -s^sa -> u 3 > 



ft«*»j«-r4ciA«wttt«ty. BBBBftt*** 
0B*HPSB»-**::£*«-c**j:5i=fcy. zto&m 

[BBa>Al*&ttW] 

[Si] 7i/7Jl-7-f>XD-y H7>ft$fflt»fc^7 

[E2] *n»$M-cM&Lit*sv=i>ttm*m**k 

[B3] ^vavBibBBoaastfaEfttHMse* 
■r4*ttiat?*-6. 

[SI 4] *>U 3>BMbK*©K rffiS©aS**lft»*$ 

US] *>'Ja>IMtBI©«Sl«EWl**-rWtia-e 
&So 

[B6] is*) 3 >B<b«fc * -> 'J 3 >g£M-(b^a> U - 
*«SM*tti ■»«>■« 

[El 7] *>Ua:/BfcB»©«aSl**rxE*fli#tt« 

[08] v 'J 3 :/BB1tBKtt*aB?ttB* £BTtt 

[09] *>'Ja>iWft«a)5e«»***-r»ttB-e*' 

So 

[Bio] *><j3>itt'lbKa>*9K*EE4*tt«»r4*tt 
0T?fc-S. 

[Bll] yVD-hU>f7-fVU->>3>©. 

[012] Ggi!b0fc&2/ya>&ni=l?j£Lfe&{ta<)h 
7>e;x9a>KBB&BT*fc«. 
[013] 77*->a>*'J**©KH«*d!>*MHT? 

[014] *jMiio:7?v?'a.y%yjRTOi»j£«&£ 

SKWI=ittWr-5«WSBSBi*it0-efcS. 

[01 5] *jra07?y£'a>%UB?a»JftA&* 
JBBMCift -5«llBSIfr®fliji0T? fe « . 

[016] *»«»77 vi/a^ f uxr«)»A%ai$ 
BBWlcKW*- ■5«MSBr BBB 0T? fc * . 

[017] **W©77 7 vi> t U ff 
»BttfcKH-*-««KKB£&BT*fcft. 

[018] &KS1RSO I ±fc1tB$*ifeMOS h7> 
i?^.»0)KBBifta>BBB-Cft«. 

[01 9] #7X«S*^5Xf-^JMKtifl:ie* 
ti«^9X?BBa>BAB-t*ft« 

[020] ife»Kttro#$sai>'j3> h^vi/x^roK 

®«|jS©«Effl§0-Cfc-So 
[021] 3 I <DBi®1»jtO«t^:0T?fe§ 8 

[ft#(DiftWJ 
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i o i 9&mM 

102 V-V7 — 7 Is— h 
1 0 3 v'Ja>0x— /\ 
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